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Introduction
Measurement of total factor productivity (TFP) growth has been increasingly the subject of investigations in many empirical studies on industrial, regional and national productivity (for example, Jorgenson, 1995) . These studies have followed several distinct directions. Diewert (1981) classified the various approaches used into: parametric estimation of production and cost functions, non-parametric indices, exact index numbers, and nonparametric methods using linear programming. In the non-parametric approach, the Divisia index has been widely used as a measure of TFP growth over time and considered as a benchmark in growth comparisons. In the parametric econometric model, TFP is further decomposed into several components, of technical change (TC) is often analyzed the most.
In the parametric specification of technology using production or cost functions, a quadratic function of time trend has often been used to represent TC. Baltagi and Griffin (1988) has shown that if a panel data set is available, we could estimate a time specific parameter (general index of TC) referring to the state of technology instead of using time trend. The method has shown evidence of erratic patterns of TC which limits its usefulness (see Kumbhakar and Heshmati, 1996; and Kumbhakar, Nakamura and Heshmati, 2000) . In a number of recent studies different generalizations of time trend and general index models of TC have been proposed and their performance and sensitivity using different datasets evaluated (see Heshmati and Nafar, 1998; Kumbhakar, Heshmati and Hjalmarsson, 1999; Kumbhakar, 2000; and Oh, Heshmati and Loof, 2011) .
Despite improved data availability and computation power, the econometric approach where TC is represented by a time trend or vector of time dummies still dominates the empirical research. Time trend model is found to be good in revealing long-run trends in TC while general index model is good in capturing year to year variations resulting from various positive and negative shocks that are common to all cross-sectional units. The general index overcomes the trend limitation by not imposing any systematic structure on the behavior of TC. Despite this advantage, it is not much better than time trend in explaining the process of TC. In both approaches TC is modeled entirely in terms of time and they fail to account for the observable determinants of TC and productivity growth. The general index model has offered identification and estimation of the effects of determinants of TC indirectly in a second stage regression (Baltagi, Griffin and Rich, 1995) . However, due to the two step procedure it fails to take into account the direct and/or interactive effects of the determinant factors with the traditional inputs.
There is a voluminous literature linking economics and geography with emphasis on economic growth and TC, technology gap, policy and decentralization. For example, Rigby and Essletsbichler (2006) discuss technological variety, technological change and persistence of heterogeneity in techniques of production within economy. Kemeny (2011) examines changing international technology gaps over the recent period of globalization. Analysis of technology level based on average productivity and relative quality reveals a growing disparity between economies and lack of intra-distributional mobility. In a recent study, Martin and Sunley (2011) discuss ways that the new economic geography can be used for policy analysis. The usefulness of the models for policy analysis is found to be constrained by plausibility and credibility of those models. Finally, Rodriques-Pose and Ezcurra (2011) examine the relationship between decentralization and economic growth in the OECD countries controlling for fiscal, political and administrative decentralization. This paper attempts to remedy some of the limitations in the specification and estimation of TC by utilizing observable determinants of TC. Here we argue that, given the inputs (X), TC is likely to be governed by some exogenous variables (Z) which are producer-specific. In addition to Z, the time trend or vector of time dummies might be added to reveal the long-run trends or year to year variations in TC. Following Heshmati and Kumbhakar (2011) , we generalize the concept of TC and define an aggregator technology index function, T(Z,t), which defines the state of the technology and it can vary across crosssectional units as well as over time. This index can be viewed as a hedonic aggregator function which combines multiple attributes of technology into a single index. We use this index as an argument in the production function Y=f(X,T(Z,t)). It is not necessary to use a single index technology function. Instead of using one single technology index several technology indices can be specified and used in the production function. One can view these as different components of the aggregate technology index. The time variable can be one index of its own, denoted as T(t). The previous formulation with a single technology index is a special case of this generalized technology formulation.
Since the rate of TC is derived by treating T(Z,t) as a covariate in the production function, it allows us to separate out the impacts of exogenous Z variables and time by breaking down TC into time-specific and Z-specific components. Unlike in the case of time trend and general index models, if Z variables are observation-specific, TC will vary across cross-sectional units even if the inputs (X) are exactly the same. If no Z variable (other than time) appears in the model then our estimated measure of TC will be identical to the rate in the time trend and general index models. The rate of TC can further be decomposed into pure and non-neutral components.
For the empirical analysis we use input and output data and production and technology characteristics for 40 mainly OECD countries observed for the period 1980 to 2006. In modeling TC our focus is on various key external economic factors contributing to shift in production across countries and over time. These Z-factors are related to finances, information technology, infrastructure and several other indicators of technology. These shift variables in addition to yielding country-specific rate of TC and factor bias in the overall TC measures, help us to estimate the contribution of the Z and time variables separately into TC and TFP growth. By using a flexible functional form and panel data methodology and controlling for fixed country effects as well as conducting sensitivity analysis we examine robustness of the estimates of TFP growth and its components for major economies.
The main advantage of the multiple index technology formulation is that it is more flexible in separating the effects of different interrelated producer-specific production technology shifters and as such an important instrument in design and implementation of industrial technology policy in countries with different economic structures. Thus, the analysis is expected to improve our understanding of the causes, patterns and variations in the level and development of growth rate among OECD countries. Information on differences in productivity growth can be important for the governments to formulate better policies of allocation and redistribution of productive resources to attain sustainable growth rate and to reduce the growing international and between regional inequalities.
To summarize: the present paper contributes to the literature in a number of ways. First, it explains TC based on observable exogenous external indicators (Z) of technology. These Z variables are not separable from the traditional input variables in the production process. Second, these technology shifters, based on their nature, are further aggregated into several distinct technology shifter groups. Third, we use panel data methodology and flexible functional form in which we control for country-specific effects that are not necessarily associated with technological change. Fourth, the TFP growth rate is decomposed into time driven, technology shifter driven and scale components. Fifth, unlike many other previous growth studies, which mainly apply the growth accounting approach assuming constant returns to scale and fixed shares over long period of time, this paper applies the panel data approach for estimation of the production function and as such does not impose such strong assumptions. Finally, we identify a number of key policy relevant technology shifters and their effects on TFP growth of mainly OECD countries from which we draw policy implications.
The rest of the paper is organized as follows. Section 2 reviews the previous literature on OECD growth studies. Description and analysis of the data is given in Section 3. The factors explaining TC and technological biases are described in Section 4. Specification tests and estimation issues are discussed in Section 5. Empirical results and their implications are discussed in Section 6. The concluding section summarizes the results of this study.
OECD Growth Studies
We mentioned above that measurement of TFP growth has been increasingly the subject of investigations in many empirical studies on industrial, regional, national and international productivity growth and comparisons. These studies have followed several distinct paths although the parametric and non-parametric methods dominate. The growth accounting is an empirical method that has been used frequently to measure growth in GDP and to break it down into components associated with changes in factor inputs and in production technology. However, the TFP growth is measured as a residual (Solow residual) after accounting for observable inputs. It is possible to relate these residuals in a second step to determinants such as government policies, market, labor, technology, firm, and household characteristics as well as initial conditions. The method is useful if the determinants of factor growth rates and technological change are independent and the factor prices coincide with social marginal products (Barro and Sala-i-Martin, 2004, p. 444) . In this paper we attempt to overcome the problem of measuring technological progress by modeling technological change using observable technology shifters instead of computing the rate of TC residually.
Consistent with our objective here we review the parametric primal approach. First, we review the growth and productivity measurement and its application to international growth studies, followed by applications to OECD studies. It covers theoretical, methodological and empirical aspects of measurement of TFP growth and its relationships with determinants of growth. Rapid economic development, technology advancement and high economic growth of the OECD countries since the establishment of the organization and cooperation have been a source of policy debate among transition, emerging and developing countries. A deeper understanding of the OECD growth patterns can be helpful in designing development polices and achievement of potential outcomes.
Many studies analyzing productivity growth for OECD countries exist but none of them covers fully the sample of the members, accession candidate and enhanced engagement countries.
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These studies in general investigate diverse aspects covering theory, measurement, methodology and growth empirics. Van Ark et al. (2008) in discussing trends and causes of productivity gap between Europe and US find that the benefits of the New Economy differ between advanced countries. The slowdown in European productivity is in their view attributable to the slower emergence of the knowledge economy in Europe. Madsen (2007) analyze international transmission of knowledge and technology spillover through trade and its effects on TFP over 135 years for the OECD countries.
Trade is found to be important to import of knowledge which is an important contributor to TFP convergence among the OECD countries. Mendi (2007) finds evidence of positive effect of trade in disembodied technology on productivity in OECD countries but not the G7 country group. A separation of embodied spillovers of R&D measured by trade and corresponding disembodied measured by technological distance in OECD manufacturing industries is presented in Kim and Lee (2004) . They investigate the relationship between productivity change and R&D. The result indicates that both domestic R&D and disembodied spillovers of R&D have positive effect on TFP growth. Cordoba and Ripoll (2008) show that most of the cross-country differences in output per worker are explained by the barriers to the accumulation of rival factors of human and physical capital rather than accumulation of knowledge capital. Madsen (2010) in analyzing the anatomy of growth finds major contribution from TFP growth driven by R&D and knowledge spillover and finds evidence of permanent growth effects of R&D and human capital. reflect on the relevance of systems-theoretic approaches to the interdependent policy issues relating to the dynamics of science, technology and innovation and their positive relationship to economic growth.
The literature on measurements and analysis of sources of TFP growth is diverse. These include both non-parametric and parametric approaches. However, the existing literature on technology sources at the cross-country level is inadequate and it does not provide sufficient understanding of the sources of technology changes and modeling it in a single step explaining both production technology and determinants of technological change. In this study, in addition to the methodological contribution concerning the modeling exogenous determinants of technological change, we contribute to the existing research which focuses on the investigation of sources of economic growth in OECD. In particular, in addition to traditional inputs, we incorporate several indicators of technology. One key indicator is ICT investment as an infrastructure for economic development in the age of the New Economy. Other indicators are financing technology, trade, inflows of FDI, power generation, MNC and listed companies which play important role in acquisition and absorption of new technology, skills and management. Our data allow us to consider estimation of country-specific productivity growth. Thus, we are able to have a more thorough understanding of the cross-country diversity of growth patterns and its development in OECD.
The OECD Data
In this paper, we use cross-country unbalanced panel data on the OECD countries during the period 1980-2006. Data are obtained from the World Development Indicator database 2008. The sample consists of 31 OECD member countries, 4 accession candidate countries and 5 enhanced engagement countries. It contains advanced industrialized, newly industrialized, transition and emerging economies.
2 The data provide information on the contributing factors to the development of the TC and TFP growth in the OECD countries during the recent three decades of both rapid and stagnating economic growth.
The unbalanced data used for estimation of the translog production function and technology indices comprises the following output, inputs and exogenous technology indicator variables for the sample countries. Output is measured as aggregate gross domestic product (GDP) expressed in constant 2000 US$ in million. The input variables include energy (ENE), capital (CAP) and labor (LAB). Energy use is measured in kg of oil equivalent per capita. Capital is measured as gross capital formation in constant 2000 US$ in million. Labor is measured as total labor force in million. GDP and capital are the only variables measured in nominal units. These are converted to fixed 2000 US$ values.
The technology index is modeled using a number of technology shifters. These include credit guarantee (CRG), trade (TRD), foreign direct investment (FDI), electricity production (ELE), listed domestic companies LDC), government consumption (GOV), computers (PCS), internet use (INT), telecom investment (TEL) and a time trend (T). Credit is defined as domestic credit provided by banking sector measured as percentage of GDP. Trade or openness is defined as sum of imports and exports measured as percentage GDP. FDI is defined as net inflow of foreign direct investment measured as percentage of GDP. Electricity production is measured in million kWh. The listed domestic companies are defined as their total number listed at the stock exchange. The general government final consumption expenditure is measured in percentage of GDP. Computer, telecommunication and other services is defined as percentage of commercial services imported. Internet use is measured in million users. Telecommunication investment is measured as percentage of revenues generated from the industry. It measures the overall investment intensity in the industry.
The total number of observations (country-year) is 1,037. All countries with the exception of Czech Republic (17), Poland (17), Russia (18) Slovak Republic (23), and Slovenia (17) are observed during the entire period of 27 years. These five countries are observed shorter period but continuously. Table 1 shows the summary statistics of the variables used in the paper, including output, inputs, as well as other production and technology indicators.
Insert Table 1 Summary statistics about here.
Measurement and Decomposition of TFP Growth
In economics productivity is defined quite broadly. As mentioned previously, there are different approaches employed to measure productivity. Here we focus on TFP as an appropriate measure and estimate it both non-parametrically and parametrically. The focus is on the later, while the former serves only as a benchmark. Using the above definitions, the P F T measure can be computed from the observed data without any econometric estimation. The resulting measure is called the Divisia index of TFP growth. It gives us information about output growth that is not explained by the growth of the factor inputs used in production. The index is mere a measure of our ignorance. In addition the index assumes constant return to scale. The index is nonparametric and as such it does not provide any information on the factors affecting productivity growth.
TFP growth
The main advantage of the parametric econometric approach is that we can both estimate and decompose TFP growth and are able to account for environmental factors and other characteristics. The econometric model can be based on either the primal or the dual formulation. The choice of the dual cost function has some advantages over the primal production function in productivity growth analysis. First, unlike a single production function equation, a cost function can handle multiple outputs quite easily and it can be estimated econometrically. Second, a cost function can be estimated without imposing any restriction on the returns to scale. Third, in a service industry outputs may be demand determined where the producer's object is to minimize cost for given output and input prices. Finally, in a cost function approach it is not necessary to assume that output markets are competitive in order to consistently estimate the model parameters. 
Production function
In this study we employ a primal or production function approach based on which countries' objective is to maximize output for given inputs available to them. The main advantage with production function is that it does not require information on prices and in addition it allows for non-constant returns to scale in production. It has several desirable and statistically testable properties such as: positive marginal product of inputs, nonemptiness of output, symmetry, monotonicity and convexity. In addition, the production function is assumed to be continuous at any point and twice-continuously differentiable. Assuming a flexible translog functional form to represent the production function with the traditional time trend representation of exogenous TC the model can be written as: The specification of TC in (1) is represented by a simple time trend and for the reasons discussed above as such restrictive. Econometrically the production function can be extended to incorporate various 'technology shifters' that are functions of exogenous but observable factors and specified as: T Z m are external economic factors labeled as technology shifters. That is, given the traditional inputs, output can change depending on the level of the technology variables that can shift the production function. These shift variables can be grouped into various technology index components, , where each component depends on a subset of mutually exclusive shift variables. Grouping of the shifters into indices can be made by their interrelated nature such as finances, environment, education, R&D, innovation networks and collaborations, etc. The technology index can be specified as:
where Z m are technology shifters, P m is the number of technology shifters in the technology index and γ's are unknown parameters to be estimated. In this paper we use three technology indices, each based on three technology shifters. The first technology index is constructed around trade and financial market and it is based on credit guarantee, trade and foreign direct investment. The second index is constructed around development infrastructure and market size and is based on electricity generation, listed domestic corporations and government final consumption expenditure. The third index is constructed around information and telecommunication infrastructures and is based on computers and other services, internet users and telecommunication investments.
In defining each of the indices we restrict sum of the weights to be unity (identifying restrictions) so that we can interpret the weights as 'importance' of each shifter on the technology component.
Elasticities and growth rates
The production model outlined above is estimated using fixed effect panel data approach with the specification of a translog functional form. The technology is represented in two ways by: (i) a simple time trend (1) and (ii) a combined simple time trend and technology indices (2 and 3). We call the former the single Time Trend (TT) model whereas the latter is called the technology index (TI) model. The two models are nested and the former is a restricted version of the later.
Based on equations (1) and (2), the input elasticities (E) and the rate of TC can be calculated as follows for each of the two production models: (4a) ;
; and
.
In similar way the overall elasticity for each technology index, here , is also calculated from (2):
Note that exogenous rate of technical change (TC TI ) in (5b) can further be decomposed into the pure ) (
, and technology index components. Pure TC refers to neutral shift of the production function due to time alone, non-neutral TC means input biased TC, and technology index components is a results of effect of known exogenous technology shifters. This last component distinguishes the two formulations of TC in (1) and (2). TC is biased if the marginal rate of substitution between any two inputs measured along a ray through the origin is affected by TC. The bias effect depending on the sign is interpreted as input using (positive) and input saving (negative). It implies that TC will tend to influence the relative contribution of each input to the production process. is the elasticity of output for country i with respect to input j at period t. It measures the percentage change of output in response to a 1% increase in all inputs jit simultaneously. Technology is said to be exhibiting increasing, constant or decreasing returns to scale, respectively, if RTS greater than, equal to or less than 1. All input elasticities, returns to scale and TC are computed at every data point allowing analysis of variation in responsiveness's along individual country, country groups and time dimensions. By using equations (4) to (8), the parametric TFP growth for both TT and TI models can be obtained as follow: (8a) ; and
where TZ and TC TI together measure the overall rate of TC in the TI model. The TC TI part is due to time alone whereas the TZ part is due to other external but observable economic factors. In our application TZ is a weighted average of the three technology index components, where the weights are the marginal effects of the index components. The overall TZ index is the sum of the product of the technology elasticity and growth rate of technology index, viz.:
It should be noted that, under constant returns to scale (CRS) and competitive output markets, TFP growth and TC are identical (Solow, 1957) . In such a case it is not necessary to estimate anything econometrically, but computing Divisia index directly from the data, given information on input cost shares and revenue shares is available. However, if the objective of producers is to minimize cost (given outputs) or maximize output (given inputs), and the constant returns to scale and perfectly competitive output (input) market assumptions are relaxed, then it is possible to establish a relationship between the Divisia index and the TFP growth components (Denny et al., 1981) . The TFP growth in (8a) and (8b) can be obtained from a parametric cost function or production function as shown above for the latter case. The first component of TFP growth is TC and the second component is the Scale component, which is zero if RTS is unity. The last component is zero if either the marginal effect of every technology shifter is zero or these shift variables are time-invariant.
It is worth to mention that, even with a CRS technology, other non-inputs factors that can explain productivity growth may exist. If these factors are observed, we can separate the contribution of external economic factors that are under the control of the producers and those purely external non-economic factors exogenous to the firm by estimating the underlying production technology econometrically. The external factors which define the production environment, could affect profitability, survival and productivity growth of firms. These factors are usually taken into account in the endogenous growth literature. Morrison (1986) and Morrison and Siegel (1999) include these factors in the productivity growth analysis. They point out that such external factors affect the cost-output relationship of the firm and can be explicitly included into the model as non-neutral shift variables. See also Winston (1993) and Vickers (1995) . Here we use these non-economic factors as technology shifter and in the context of drivers of technological change.
The non-economic factors can be technology related independent variables in development accounting which are paid large attention to in recent economic literature. In the econometric literature on the determinants of economic growth, we are currently facing around 100 popular explanatory variables. However, the augmented growth models discussed in Barro and Sala-i-Martin (2004) and Aghion and Howitt (2009) , incorporate some combinations of determinants of economic growth.
Specification Tests and Estimation Procedures
We specify and estimate a translog production function for OECD countries observed for the period 1980-2006. Output is measured as gross domestic product. The vector of inputs includes energy, capital and labor. The technology index is modeled using three technology indices each consisting of three technology shifters. The first index (Index1) is based on credit guarantee, trade and foreign direct investment. The second index (Index2) is based on electricity production, listed domestic companies and government consumption. The third index (Index3) is constructed using computers, internet use and telecom investment. The definition of each of these variables is provided above in the model data section. In specifying the technology index we tried a number of other technology indicators, but the model specification was highly nonlinear and difficult to further generalize.
In addition we use dummy variables to control for unobserved time-invariant countryspecific effects such as skills, planning and management differences, and location advantages/disadvantages of the countries. These fixed effects play an important role concerning stability of the effects of inputs and technology shifters (see Ahion and Howit, 2009; Kreuger and Lindahl, 2001; and Vandenbussche, Aghion and Meghir, 2006) . A simple time trend is added to the specification of the production function to capture possible trend in the use of inputs and output produced. It captures the unobserved exogenous time driven components of TC and productivity growth as well as country specific effects such as government economic policy effects.
We investigate the issues of multicollinearity and confounded effects (see Table 2 ). The explanatory variables energy (0.246), capital (0.966) and labor (0.196) are positively and highly correlated with GDP. There is also a positive association between GDP and trend (0.081). The energy is positively correlated with capital (0.187) and trend (0,108) but negatively with labor (-0.298). Capital and labor (0.266) and capital and energy (0.093) are positively correlated. Labor is not correlated with time trend, but capital and energy are. The correlation coefficient among the input variables shows that there is no serious multicollinearity problem. Concerning the technology shifters, credit, electricity production, listed domestic companies, and investment user are positively correlated with GDP, but trade, net FDI inflows, government consumption and telecom investment are negatively correlated with GDP. There are both positive and negative correlations relationships among the technology shifters within and between the index components. 
Insert

Empirical Results
Estimation issues
The estimation results for translog technology index model and its restrictive counterparts including a simple Cobb-Douglas (Model 1), a generalized Cobb-Douglas (Model 3) and a translog (Model 4) model specifications with time trend and with technology indicators treated as production environmental variables (Model 2) are reported in Table 3 . In the translog model all the parameters (with the exception of interactions between the inputs and time trend) are highly significant. The results suggest significant heterogeneity among the countries.
Insert Table 3 Parameter estimates about here
In the case of technology index model (Model 5), the explanatory variables can be grouped into technology index, inputs and time trend and country fixed effects. All the 6 technology related parameters are highly significant. However, only 26 of the 36 parameters associated with the inputs, time trend and composite technology indices are statistically significant at less than 10% level. Country effects, with the exception of 6 are significant at the less than 10 level of significance. The result shows evidence that the degree of country heterogeneity is high. The parameters of the three technology indices are of expected sign.
The simple time trend model
The input elasticities are estimated from the derivatives of the production functions with respect to energy, capital and labor inputs using formula (4a Table 4 .
Input elasticities and returns to scale in the technology index model
The sample averages of the input elasticities (equation 4b) based on the technology index model are also as expected positive, 0.286, 0.230 and 0.473, and is in agreement with the simple time trend model results. Calculated correlations between the input elasticities show that energy and capital are positively correlated while labor is negatively correlated with both energy and capital. Similar correlation relationship is found with economies of scale. The average returns to scale (7b) is 0.989. However, it is close to 1 suggesting not being statistically different from constant returns to scale. The scale effect is small and negative (-0.060 percent). The dispersion in labor elasticity is largest (0.378) causing large variations in the returns to scale (0.242).
The input elasticities and returns to scale across individual OECD countries, country groups and over time are reported in Table 4 . With the exception of four country cases concerning labor and one case of energy all average input elasticities across countries are positive and consistent with our expectations. However, the input elasticities vary greatly among the countries mainly when labor is concerned. The average returns to scale measure in 19 cases is less than 1 and in remaining 21 country cases greater than 1 suggesting decreasing and increasing economies of scale, respectively. In examining the differences across country groups we observe large differences in the input elasticities and returns to scale.
Insert Table 4 Input elasticities and RTS across countries and time about here
The mean input elasticities and returns to scale are almost constant over time. The energy input elasticity show a negative trend, while capital and labor show minor fluctuations that are attributed to the interaction of inputs and technology indices which have stronger impacts on the latter two inputs and reverse the trend effects. Returns to scale is as a result of time trend specification of non-neutral component is declining over time from 1.045 in 1960 to 0.961 in 2006. The switching point is in 1991.
Insert Figure 1 RTS and input elasticities over time about here
Technology index and technical change
The rate of TC in the simple time trend production function model is computed using (5a). The first and second order coefficients of time are significant suggesting increasing growth at an increasing rate. The interactions of time with energy, capital and labor suggest input saving TC although they are statistically insignificant. The neutral component is large and determining the overall rate of TC. The sample average rate of TC is 1.27% and it ranges from 0.78% to 1.68% per annum. It is the main contributor to TFP growth which is on the average 1.22% per annum.
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In the technology index model, the rate of TC is computed using the formula (5b). It is determined by several components including time trend, technology indices and their interactions among themselves as well as with the production function inputs. All of the technology shifters have positive and significant effects on output. The mean elasticity of production with respect to the three composite technology indices calculated using the formula (6) is 0.043, -0.162 and 0.080.
The mean rate of TC from the technology index model is 1.44% per annum and standard deviation 0.40%. It varies from 0.10% to 3.16%. The main source of TC is the neutral time driven component, while the share of the index part is on the average 10.74%. TC in turn is the main contributor to TFP growth which is on the average 1.54% per year with 2.28% dispersion around the mean value. The index component is positively correlated with the rate of TC (0.073) and TFP growth rate (0.813), while TC and TFP correlation coefficient is 0.199. Table 5 reports the correlation matrix of estimated TFP and its Index, TC and Scale components. The insight provided here points to the fact that despite incorporation of technology shifters, the time driven component of TC remains the main contributor and dominates the level and development of the rate of technical and total factor productivity growth. The pattern might be due to poor data availability on important technology shifters.
Insert Table 5 on Correlation matrix of TC and TFP about here
The elasticities of production with respect to technology index components and their marginal effects for each country and time period is reported in Table 4 . The elasticity of index 2 is much higher in level than the remaining two indices across most countries and over time. The marginal effects vary in sign and level across the countries and indices dimensions. Index 2 shows a higher frequency of negative values. The index 1 and 2 yearly averages are all the time positive and negative, respectively, while index 3 switches from negative to positive in 1993.
TFP growth and its decomposition
The OECD countries differ by the size of their economies and productivity growth rates. In reporting the results we used weighted averages. The weighted average rate of TC, TFP growth and their decomposed components using country, country group and yearly shares of overall GDP, is computed and the weighted mean values for different countries, country groups and years are reported on Table 6 .
Insert Table 6 on Mean values of weighted TC, TFP growth about here
The mean value of the GDP-weighted rate of TC (by country) is 1.52 percent. Result show that the countries differ by the size and productivity growth rates. The GDPweighted average rate of TC, TFP growth and their decomposed components by country, county group and over time is reported in Table 6 . The table shows that the GDP weighted rate of TC is highest for Slovenia, Slovakia, India, China and Czech Republic, of which mostly belong to the accession and enhanced engagement countries. The lowest rates of TC are in Switzerland and Mexico. Countries at different levels of development like Brazilian, Canada, Finland, Israel, Korea, Norway and Sweden are representing the sample average rate. Despite the relative high average level of development among the sample countries, we find indication of backwardness where countries with low levels of development grow faster.
Insert Figure 2 TFP growth and its components across countries about here
There is low correlation (0.199) (1980, 1984, 1993 and 1994 the growth rate is low and in the interval 0.4% and 0.8%.
Insert Figure 3 TFP growth and its components over time about here
The mean technology index component share to the TFP growth is 15.47% (19.67 
Insert Figure 3 TFP growth and its components shares over time about here
The Chinese and Indian Progress and EU debt crisis
The GDP weighted mean economic growth of OECD countries during this relatively long study period is 1.70% and it ranges from -0.31 and +3.31% per annum. The main contributor to the TFP growth rate is the exogenous rate of TC with an average of 1.52%. In recent decades China and India have turned into major players in the global economy. However, their average TFP growth rates are low but the rate of TC high. The low average TFP growth rates are due to their decreasing economies of scale. However, during the recent global recession China and India have emerged as two of few major economies registering continuous high growth rates and seen as major forces that can help to bring the world economy out of the current deep recession. The growth rate of GDP in 2009 was 9.2% for China and 8.0% for India (ADB, 2011) while it was negative for almost all industrialized countries (CBC, 2011a and 2011b) . In particular the Chinese active reform and state led growth model can be of use to major developing economies. The gradual removal of different interventions has affected the flow of resources to productive areas and growing competition and leading role of state has enabled the growth rate to accelerate.
China and India have been successful in attracting FDI and their investment in fixed assets is increased. Basu (2009) provides a comparison of the two economies. The high investment rate and accumulation of capital stock together with acquisition of technology, management and skill and effects of learning by doing has created a strong production base. Exports have increased much more than import leading to large positive trade balance in particular in China's case from 1995. The state controlled exchange rate has been a source of China's international competitiveness and rapidly expanded its export. It also has been a source of criticism from Western countries concerning the trade balance and the prospect for a possible deterioration of global economic recovery. The gradualist approach and currency and capital account control seemed effectively sheltered China from the 1997 financial crisis and full effect of 2008 global economic crisis.
There are significance differences in the level of growth across individual countries as well as between groups of countries. In recent years and following the global economic crisis a number of countries have faced difficulties concerning their accelerating public debts and banking insolvencies. These countries are subject to forced recovery programs imposed by the European Union and international banks (IMF and World Bank). This group of countries includes Iceland (1.8, 1.1), Ireland (1.6, 2.6), Spain (1.4, 1.7), Portugal (1.4, 1.5) and Greece (1.2, 1.8). The number in parenthesis is their average GDP-weighted TC and TFP growth rates. They have relatively low growth rates but not exactly a good predictor of their post crisis performance. The pre-crisis low growth rate is possibly the driving force behind their low recovery, laggard development and increasing gap in welfare which will further deteriorate as a result of necessary structural programs aimed to bring their finances under control.
Summary and Conclusions
In this paper we considered estimation of TC and total factor productivity growth (TFPG) by utilizing both observable internal and external determinants of technological change.
Results are based on an unbalanced panel data on output, inputs and technology and production characteristics for 40 OECD member, accession and enhanced agreement countries observed for the period 1980 to 2006. In modeling TC our focus is on key technology shifters associated with it. These technology shifters are domestic credit, FDI, trade share of GDP, listed domestic companies, electricity production, government consumption, computer imports, internet users and telecom investment. We estimated TFPG and decomposed it into TC and scale economies components as well as our proposed technology index component. The marginal effects of individual technology indicators on productivity growth are also estimated along with various input elasticities. All the measures are country-specific and time varying.
Estimates of TFPG and its components are found to vary greatly and dispersions in the technology index components are found to be large. The sources of TFPG differ across countries and are mainly attributed to differences in the exogenous rate of TC and technology index components. The scale effect is negligible and on the average it contribution to growth is negative due to the presence of decreasing returns to scale.
The analysis is expected to improve our understanding of the causes and patterns of crosscountry TC and TFPG in OECD countries. It enhances our knowledge on the recent three decades of unbalanced economic growth and development among the industrialized, newly industrialized, transition and emerging economies. Information on differences in TFPG among countries is important for the national, EU and other regional economies to formulate coordinated policies of allocation and redistribution of productive resources. This can help in designing policies to reduce the growing within and between regional inequalities as well as reducing the impacts of global economic crisis on some economies facing difficulties concerning, indebtedness, unemployment and stagnated growth. IND  CHL  ZAF  ISL  BEL  MEX  CHE  FRA  NZL  PRT  SWE  BRA  FIN  ITA  NLD  AUT  DEU  DNK  ESP  EST  GBR  KOR  NOR  AUS  CAN  GRC  ISR  JPN  HUN  USA  POL  SVK  TUR  IRL  CZE  IDN  LUX  SVN   scale  tc  index  tfp 
